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Similarly, the chance that a
deleterious mutation can get fixed
against selection is increased by a
reduction in Ne, and approaches
the value for a neutral mutation
when INesI << 1. The equilibrium
level of within-population
variability for neutral or nearly-
neutral variants is controlled by
the product of the mutation rate
and Ne, so that Ne plays an
important role in the interpretation
of data on single nucleotide
polymorphisms, a major focus of
contemporary human genetics.
What influences Ne? If
population size changes, the long-
term value of Ne, which controls
the level of neutral variability, is
the harmonic mean (reciprocal of
the mean of the reciprocals) of the
series of values for each
generation. A population that has
recently expanded, like our own,
has a much smaller Ne than
indicated by its current size. In the
human case, levels of variability
indicate that Ne is close to 10,000,
reflecting the population size in
the remote past. Ne is affected by
mode of inheritance, so that X-
linked, Y-linked and organelle
genes each have their own Ne
values, which differ from that for
autosomal genes. Ne is also
influenced by natural or artificial
selection, which induce heritable
variation in fitness. Selection at
sites linked to a gene under study
may greatly reduce its Ne value.
This means that genomic regions
with low levels of genetic
recombination, where genes tend
to be tightly linked to each other,
may have lower than average
levels of variability and adaptation.
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Fitness in evolution — what is
it? Not fitness in the sense of
health, but rather an ability to
survive and reproduce, as when
the Darwinian theory of evolution
was characterized as ‘survival of
the fittest’.
Seems straightforward then?
One might think so, but different
people often use ‘fitness’ to mean
subtly different things. In
population genetics theory,
different genotypes (gene
combinations) have different
fitnesses — the product of the
survivorship and the fecundity of a
genotype. Fitnesses depend on the
environment and are often
expressed relative to the fittest
genotype in the population.
So if all the genotypes in the
population have a low, but
equal, fitness, are they all
defined as having a fitness as
one? Yes, that’s right. Fitnesses in
population genetics are relative,
not absolute. It is hard to relate a
population’s mean fitness to
ecology. Imagine a new mutation
that makes the males bearing it
more attractive to females: as this
spreads through the population,
the mean population fitness goes
up, but the mean fecundity and
viability of the population is
unaffected.
What about the old chestnut –
if fitness is defined by
survival, and then we say the
fittest survive, isn’t this all
circular? Not really. Suppose we
have a population where half the
offspring survive to adulthood.
An individual with a new
advantageous mutation might
have a 51% chance of surviving
to adulthood. Its genotype’s
relative fitness is 2% higher than
that of the other individuals. But
the individual with this new
unique genotype will either
survive or it will not: an individual
cannot have a survivorship of
51%. Fitness is an average, or an
expected, outcome.
So won’t many high fitness
mutations be lost from
populations by chance soon
after they arise? Indeed, that is
exactly what happens. Chance can
play other roles too. If the
population size is small, a mutation
that lowers fitness slightly might
spread through the population by a
series of lucky chance events, until
all individuals have it.
So evolutionary changes can
cause fitness to go down? Yes.
We can work out how likely this is
as a function of population size
and the fitness of a harmful
mutation. One thing for sure: if a
population’s fitness can go down,
it cannot be a circular argument to
say it will usually go up.
Is an organism’s fitness the
same as its adaptation to its
environment? Evolutionary
biologists look for adaptations in
the phenotypes (morphologies and
behaviors) of organisms. In
population genetic studies of
fitness, relative fitnesses of
organisms’ genotypes can be
compared empirically.
Isn’t it the same with all studies
of adaptation? Not exactly. When
studying a phenotype universally
seen in a population of organisms,
what does it mean to describe the
phenotype as causing high fitness
or as being an adaptation? High
fitness relative to what? In these
cases, phenotypes typically have
to be compared with a range of
imagined possible phenotypes, as
in optimization theory.
Does fitness apply to entities
other than genotypes? Some
believe that, in culture, the spread
of ideas, or ‘memes’, by imitation,
is caused by some ‘memes’ having
higher fitnesses than others.
Now that is a circular argument,
surely? You may believe so. I
couldn’t possibly comment.
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